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An X-ray spectrum of the famous starburst galaxy M82 consists of three components: soft, medium, and
hard components (Tsuru et al. 1997). The spectrum of the hard component, which is spatially unresolved,
is well represented by an absorbed thermal bremsstrahlung, or an absorbed power-law model. However the
origin of the hard component was unclear. Thus, we made a monitoring observation with ASCA in 1996.
Although the X-ray flux of the soft and medium components remained constant, a signicant time variability
of the hard component was found between 3 1040 erg/s and 1 1041 erg/s at various time scales from 10
ks to a month. The temperature or photon index of the hard component also changed. We proved that the
spatial position of the hard component is the center of M82. The spectrum of the variable source obtained
by subtracting the spectrum of the lowest state from the highest state suggests the strong absorption of
NH  1022 cm2, which means the variable source is embedded in the center of M82. All these suggest that
a low-luminosity AGN exists in M82.
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Introduction
Because M82 is thought to be an archetypical starburst galaxy, many X-ray observations of M82 have
been made. The ASCA rst observation of M82 was conducted in 1993. Tsuru et al. (1997) analyzed the
ASCA spectrum and found that it consists of three components: soft, medium, and hard components. The
soft and medium components showing emission lines from various elements are thermal origin at temperatures
of  0.3 and  1 keV. The ASCA images of the soft and medium components are extended compared with
the ASCA point spread function (PSF). Thus their origin would be the galactic wind driven by stellar winds
from massive stars and supernovae.
The hard component can be well described by either a power-law model (the photon index is Γ  1.7)
or a thermal-plasma model (the temperature is kT  14 keV). This component is dominant in the X-ray
spectra above the 2 keV band, and its X-ray luminosity in the 2 { 10 keV band is  31040 erg/s. Tsuru et
al. (1997) compared the ASCA flux in the 2 { 10 keV band with Ginga (Tsuru 1992) and EXOSAT (Schaaf
et al. 1989), and found time variability. Furthermore, the spatial extent of the hard component is consistent
with a point source within the ASCA angular resolution. All these may suggest that the origin of the hard
component is a low-luminosity AGN of M82. However, since Ginga and EXOSAT are non-imaging detectors,
possible contamination from other hard sources is not excluded. Therefore, it is unclear whether the flux
change can be attributed to the hard component or not. Since the peak position of the hard component
does not agree with the soft component, it is unclear whether the peak of the hard component agrees with
the center of M82 where a luminous X-ray point source showing time variability exists (Watson et al. 1984;
Collura et al. 1994; Bregman et al. 1995; Strickland et al. 1997). Furthermore, the Ginga spectrum can be
tted with a thermal model but cannot be tted with a power-law model (Tsuru 1992), which is dierent
from typical X-ray spectra of AGNs. The same conclusion was suggested by Cappi et al. (1998) using
BeppoSAX data. Thus the origin of the hard component is still debatable.
The rst key to reveal the origin of the hard component is to clarify whether it shows time variability
or not. The second key is to detect the iron K-line emission and to determine its central energy. The central
energy of the line can be direct evidence. For these purposes, we made a monitoring observation of M82
with ASCA in 1996. The total exposure time including the observation in 1993 is about 1.5 105 s.
Throughout this paper, a distance of 3.25 Mpc to M82 is assumed. The number of atoms per hydrogen
for the cosmic metal abundance adopted in this paper are 9.77 10−2 for He, 3.63 10−4 for C, 1.12 10−4
for N, 8.51  10−4 for O, 1.23  10−4 for Ne, 3.80  10−5 for Mg, 3.55  10−5 for Si, 1.62  10−5 for S,
3.63 10−6 for Ar, 2.29 10−6 for Ca, 4.68 10−5 for Fe, and 1.78 10−6 for Ni (Anders, Grevesse 1989).
Observation and Data Reduction
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ASCA observed M82 once in 1993, and observed it nine times in 1996. Though the results of the
observation in 1993 have been reported by many authors (Tsuru et al. 1994; Awaki et al. 1996; Tsuru et al.
1996; Moran, Lehnert 1997; Ptak et al. 1997; Tsuru et al. 1997; Dahlem et al. 1998), we reanalyzed the data
in 1993 in the same method as for the 1996 data to investigate the time variability of M82 systematically.
The dates of these observations are listed in table 1.
All of the data were obtained with two solid-state imaging spectrometers (SIS0 and SIS1) and two gas-
imaging spectrometers (GIS2 and GIS3) at the foci of four thin-foil X-ray mirrors (XRT) on board the ASCA
satellite. Details of the instruments can be found in Burke et al. (1991), Ohashi et al. (1996), Makishima
et al. (1996), and Serlemitsos et al. (1995), while Tanaka et al. (1994) gives a general description of ASCA.
The SIS data were obtained in the 4-CCD bright mode for the observation in 1993 and in the 1-CCD faint
mode for the other observations in 1996. The GIS data were obtained in the normal PH mode.
All of the data were screened with the standard selection criteria: data taken in the South Atlantic
Anomaly, Earth occultation, and regions of low geomagnetic rigidity are excluded. We also eliminated
contamination by the bright Earth, removed hot and flickering pixels from the SIS data, and applied rise-
time rejection to exclude particle events from the GIS data. We further applied the \flare-cut" criteria to
exclude the non X-ray background events as many as possible for the GIS data (Ishisaki et al. 1997). After
these screenings, we obtained eective exposure times shown in table 1.
Analysis and Results
Imaging Analysis
Following Tsuru et al. (1997), we made the SIS images (SIS0 + SIS1) in three energy bands (0.4 { 0.8
keV, 1.2 { 1.8 keV, and 3.0 { 10 keV) for an individual observation. We call them the soft-, medium-, and
hard-band images, respectively. The three energy bands represent the three spectral components found by
Tsuru et al. (1997). Though the soft-band images show somewhat complex structures, we found that all the
medium- and hard-band images are single-peaked and no other signicant source exists in the eld-of-view.
Tsuru et al. (1997) found from the PV data (April 19, 1993) that the radial proles of the soft- and
medium-band images are extended compared with the ASCA PSF, while the hard-band image is consistent
with a point source. They also found that the peak position of the hard-band image agrees with that of
the medium-band image, but does not agree with that of the soft-band image. We conrmed these results
of Tsuru et al. (1997) for all the ASCA data in 1996. For example, we show the SIS images of #74049000
(March 22, 1996) in gure 1. The soft-band peak is at  0.−2pt06 southeast of the hard- and medium-band
peak.
The 90% condence level error circle of the pointing position of ASCA is  1.−2pt03 diameter (Gotthelf
1996). Except for #74049090 (November 26, 1996), the peak positions of hard-band images are consistent
among observations within  0.−2pt08. The hard-band peak of #74049090 is located at  1.−2pt04 southeast
of that of the PV data (April 19, 1993), which is still almost at the edge of the error circle. Thus, we conclude
that the hard-band peaks were located at the same position within the error, and hence the source at the
hard-band peak is identical through all the observations. The position of the hard-band peak determined
from the ASCA SIS data is (α, δ)J2000 = (9h55m52s, 694004800).
Light Curve
From the screened data, we extracted the GIS and SIS light curves for each observation from circular
regions centered on M82 in two energy bands (0.7 { 1.5 keV and 3.0 { 10.0 keV). The bin width of the light
curves is 128 s. The extraction radii are 60 for the GIS and 40 for the SIS, which are nominal for a bright
point source according to \The ASCA DATA Reduction Guide" presented by the ASCA Guest Observer
FacilityPlease see http://heasarc.gsfc.nasa.gov/docs/asca/abc/abc.html Next, we combined the light curves
of the SIS0 and SIS1, and the GIS2 and GIS3.
We tted the light curves of the GIS2 + GIS3 with a constant counting rate model. In most cases, the
reduced χ2 (= χ2/d.o.f.) is less than 1.5, which means no apparent time variability. However, the reduced
χ2 is 2.7 for the GIS light curve of #74049030 (April 24, 1996) in the 3.0 { 10.0 keV band, though we can see
no clear time variability in the 0.7 { 1.5 keV band at that time (gure 2). The SIS data are consistent with
these results of the GIS. As mentioned in the previous section, only one identical source was found in the
eld-of-view through all the observations. Therefore this result strongly suggests that the hard component
s/asca/abc/abc.html .
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of M82 detected by Tsuru et al. (1997) has short-term variability on a time scale of  (1− 2) 104 s, while
the soft component has no clear time variability.
Spectral Analysis
From the screened data, we extracted the SIS and GIS spectra from the same regions as those for the
light curves. Then we rebinned the spectra to contain at least 20 counts in each spectral bin to utilize the
χ2 technique.
We extracted the background spectra for the GIS from the blank sky data taken during the Large
Sky Survey project (e.g. Ueda et al. 1998) with the same data reduction method for the data of M82. We
obtained the SIS background spectra for the PV data in 1993 from a source-free region around M82. Because
the observations in 1996 were conducted with the 1-CCD faint mode and X-rays from M82 covered the whole
region of the CCD chip, we could not dene the source-free regions for the observations in 1996. Therefore,
to extract the background spectra, we used the data of LSS1988+317, which is a dim source observed in the
1-CCD faint mode in 1996 (Sakano et al. 1998). After applying the same data reduction as that for M82,
we extracted the background spectra from a source-free region.
The count rates of the spectra in the 0.7 { 1.5 keV and 3.0 { 10 keV bands are shown in gure 3. They
are background subtracted but not vignetting corrected values. The count rates in the 3 { 10 keV band
show rather large time variability compared with those in the 0.7 { 1.5 keV band. This suggests that the
hard component (Tsuru et al. 1997) has long-term variability on a time scale of  a month. Because the
detector positions of M82 are almost the same for all the observations in 1996, the vignetting correction does
not change the results essentially.
Time variability of the hard component
First, we tted the SIS0 and SIS1 spectra in the 0.6 { 10 keV band and the GIS2 and GIS3 spectra in the
0.7 { 10 keV band simultaneously with the three-temperature thermal plasma model applied in Tsuru et al.
(1997). The model can be represented by equation NH(whole) [RS(soft)+NH(medium)RS(medium)+
NH(hard)RS(hard)],
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